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Abstract: The present study was carried out to determine the changes in some reserve molecules of safflower seeds
during germination and early seedling growth. The seeds of 2 safflower cultivars were used as plant material (Dinçer
5-118 and Montola 2000). Seeds were germinated for 72 h and observations were taken every 12 h throughout the study.
Changes in total oil content (%), total protein content (%), total soluble sugar contents (TSS, mg g–1), and reducing sugar
contents (RS, mg g–1) were determined for each cultivar during germination and seedling growth. The oil content of the
cultivars decreased from 54.7% and 57.4% to 49.5% and 45.1% for Dinçer 5-118 and Montola 2000, respectively. The
total protein contents of Dinçer 5-118 and Montola 2000 were 32.5% and 28.0% at 0 h, and, at the end of the study, the
total protein contents had decreased to 26.3% and 23.8%, respectively. The TSS and RS contents were lower at the end
of the study; however, the amounts of TSS and RS varied throughout the study. Results suggest that significant changes
took place in the oil, protein, and sugar metabolisms.
Key words: Carthamus tinctorius, germination, oil content, protein content, sugar

Aspirde (Carthamus tinctorius L.) tohum depo bileşenlerinde çimlenme ve erken fide
gelişimi safhasında meydana gelen değişimler
Özet: Mevcut çalışma aspirin çimlenmesi ve fide gelişimi sırasında tohum bileşenlerinde oluşan değişimleri incelemek
amacıyla yapılmıştır. Bitki materyali olarak iki aspir çeşidi kullanılmıştır (Dinçer 5-118 ve Montola 2000). Tohumlar 72
saat boyunca çimlendirilmiş ve her 12 saatte analizler yapılmıştır. Toplam yağ miktarı (%), toplam protein miktarı (%),
toplam çözünebilir şeker (TSS) (mg g–1) ve indirgenebilir şeker (RS) (mg g–1) miktarlarındaki değişimler çimlenme ve
erken fide gelişimi boyunca incelenmiştir. Toplam yağ miktarı Dinçer 5-118 çeşidinde % 54,7’den % 49,5’e ve Montola
2000 çeşidinde % 57,4’den % 45,1’e düşmüştür. Çalışmanın başlangıcında toplam protein miktarı Dinçer 5-118 ve
Montola 2000 çeşitlerinde sırasıyla % 32,5 ve % 28,0 olarak bulunmuştur. Çalışma sonunda çeşitlerin protein miktarları
sırası ile % 26,3 ve % 23,8’e düşmüştür. Toplam çözünebilir şeker ve indirgenebilir şeker miktarları çalışma boyunca
değişim göstermişlerdir. Elde edilen veriler yağ, protein ve şeker metabolizmalarında önemli değişimin meydana
geldiğini göstermektedir.
Anahtar sözcükler: Carthamus tinctorius, çimlenme, yağ miktarı, protein miktarı, şeker
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Introduction
Safflower (Carthamus tinctorius L.) belongs to
the family Asteraceae, and it is the only cultivated
species of the genus Carthamus. Safflower has been
cultivated since ancient times for its flowers and oilrich seeds, which are used to make natural dyes and
to produce edible oil for human consumption. Oleicand linoleic-type cultivars have been developed for
commercial cultivation, and the seeds of commercial
cultivars contain 30%-50% oil, 15%-20% protein,
35%-45% husk, 3%-4% carbohydrate, and 11%-36%
crude fiber (1,2). Crude fiber is mostly found in the
husks, and meal contains around 10% fiber. Safflower
oil is rich in unsaturated fatty acids; the seeds contain
approximately 90% unsaturated and 10% saturated
fatty acids (3).
Seeds generally contain the embryo, endosperm
tissue, and seed coat. One of the main purposes of
endosperm is to serve as a nutrient source for the
germinating embryo (4). Germination is the result of
different physiological processes and the germination
process is initiated by water uptake. Imbibition of
seeds induces other physiological processes, resulting
in the breakdown of reserves, the mobilization and
utilization of the broken-down products, and the
growth and expansion of the embryo. Germination is
assumed to be completed when the radicle emerges
from endosperm and seed coat (5).
Carbohydrates, triacylglycerols, and proteins
are the major constituents of the endosperm. These
macromolecules are mobilized during germination
and seedling growth with the action of different
enzymes (5). Triacylglycerols present in oleiferous
seeds are the main source of energy during the
germination and seedling growth of oil crops (6).
During the germination and early seedling growth
period, the oil-rich seeds of different species lose
almost all of their oil contents (7-9). There are other
published results on the mobilization of oils in seeds,
but these reports mainly deal with cereal crops due to
their economic importance and the undesired effects
of oils on the milling and baking qualities of cereal
seed products (10,11).
The metabolism of carbohydrates and proteins,
and changes in their amounts in different seeds
during germination and the early stages of seedling
growth, have been studied, especially in cereals (1214).
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Safflower seeds could readily germinate under
favorable conditions; however, little is known
about the physiology of safflower germination and
mobilization of seed reserves during this process.
The aim of this preliminary study was to investigate
changes in the reserve content of safflower during
germination and early seedling growth.
Materials and methods
Two safflower cultivars (Dinçer 5-118 and
Montola 2000) were used as plant material in the
study. Dinçer 5-118 is a cultivar high in linoleic acid
(15) and Montola 2000 is a cultivar high in oleic acid
(16). This study was carried out at Süleyman Demirel
University’s Field Crops Department in 2010. Seeds
were obtained from field-grown plants and standard
cultural practices were applied throughout the
growing season. Seeds were surface sterilized with
a 2% sodium hypochlorite solution for 5 min and
rinsed 3 times with excess distilled water. Seeds were
germinated in 9-cm petri dishes on 2 sheets of filter
paper and moistened with distilled water. The petri
dishes were placed in an incubator at 25 °C under
alternating light (12-h light/dark periods). Into each
petri dish, 25 seeds were placed, and 3 replications
were used for the analysis of each parameter. Seeds
were germinated for 72 h, and every 12 h, the
germinated seeds in the petri dishes were removed
from the incubator for further analysis. For this
purpose, removed seeds and seedlings were dried for
at least 24 h at 50 °C or until the samples reached
a constant weight (9). Nongerminated or unevenly
germinated seeds were discarded. For all analyses,
all seeds were dehulled, and only the kernels and
germinating seedlings were used.
For oil content determination, seeds and seedlings
were ground into powder using a mortar and pestle.
The weight of the n-hexane-extracted oil was
determined by the difference before and after Soxhlet
extraction, and the oil content (%) of the samples was
calculated by the method described by Folch et al.
(17).
For the isolation of total soluble and reducing
sugars, a 2-g sample was ground with a mortar
and pestle, and 20 mL of 80% ethanol was added
to each sample. Samples were incubated at –20 °C
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overnight and centrifuged at 2000 × g for 5 min, and
supernatant was used for the determination of both
total soluble and reducing sugars. The TSS content
was determined by the phenol sulfuric acid assay
(18) and the RS content was determined using the
Nelson-Somogyi method (19). Standard curves were
prepared by using 20, 40, 60, 80, and 100 μg mL–1
aqueous solutions of glucose and the results were
expressed as mg g–1 dry weight.
For the determination of protein content, samples
were ground and 0.5 g was used. The amount of N
in each sample was determined using the Kjeldahl
method (20) and the protein content (%) was
calculated by multiplying the N amount of each
sample by 6.25.
All analyses were done in triplicate. The data were
subjected to analysis of variance (ANOVA). Means
were separated using Duncan’s multiple range test
(21).
Results and discussion
For oil content, the cultivar and the cultivar ×
germination period were not significant; however,
the germination period was significant (P < 0.01). The
oil content of Montola 2000 was higher than that of
Dinçer 5-118. At 0 h, Dinçer 5-118 had an oil content
of 54.7% and Montola 2000 had an oil content of
57.4%. At 72 h, their oil contents had decreased to
49.5% and 45.1%, respectively. The oil contents of
both cultivars dropped steadily throughout the study
period (Figure 1). The reduction of the oil content was
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Figure 1. Changes in oil contents of safflower cultivars during
germination and seedling growth.

more pronounced in Montola 2000 than in Dinçer
5-118. Between 36 and 72 h of germination, the oil
content of Dinçer 5-118 decreased from 50.3% to
49.5%, and the oil content of Montola 2000 dropped
from 53.3% to 45.1%.
Oils are the major seed reserves in many plant
species, including sunflower (Helianthus annuus),
safflower, and canola (Brassica napus). Different
types of oils are accumulated as fatty acids during
seed maturation in safflower and the fatty acid
composition is greatly influenced by cultivars (22).
Other types of storage molecules, such as sugars
and proteins, are also present in safflower (1,2).
These reserves are generally found as insoluble large
macromolecules in seeds and special enzymatic
pathways that are present in seeds, and they are
induced upon imbibition to convert these molecules
into smaller soluble units (5,6,12).
During the study period, the oil content of
both cultivars progressively diminished with the
germination period, suggesting that oils are the
major source of energy during germination and the
early periods of seedling growth (6,23). A significant
change in the oil content was observed within 12 h of
germination, similar to results reported for borage,
canola, and poinsettia (7-9). However, in other plant
species with a high oil content, such as castor bean
(Ricinus communis) (24) and maize (Zea mays)
(25), the mobilization and depletion of oil reserves
did not take place the during the 3-day germination
and early seedling growth period, but oil reserves
were depleted in the later stages of seedling growth,
suggesting that carbohydrates or proteins are the main
components of energy production in these species
during germination. Safflower seeds contain 3%-4%
carbohydrates; therefore, oils should be the main
reserve for energy production during germination.
The cultivar and germination period were
statistically significant (P < 0.01), but the cultivar ×
germination period was not statistically significant
for the protein content of the seeds during the study.
The protein content of Dinçer 5-118 was higher than
that of Montola 2000, both at the beginning and at
the end of the study. The protein content of Dinçer
5-118 regularly dropped from 32.5% at 0 h to 26.3%
at 72 h (Figure 2). The protein content of Montola
2000 dropped from 28.0% to 23.8% at the end of the
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Figure 2. Protein content of cultivars during germination and
seedling growth.

study. A significant drop was observed between 24
and 36 h of germination for Montola 2000. After this
period, the protein content of Montola 2000 did not
change significantly until the end of the study period.
Storage proteins are the major source of amino
acids for the growing embryo, and released amino
acids are used to make the necessary enzymes and
components for seedling growth (5). The oil and
protein content of the kernels before the start of
germination was found to be 54.7% and 57.4 %, and
32.5% and 28.0%, for Dinçer 5-118 and Montola
2000, respectively. Oil and protein contents are
generally calculated with whole seeds; therefore, our
results for oil and protein contents appear to be higher
than other published results for safflower (15,26).
However, when only dehulled kernels were used,
our results were in agreement with other published
results (2). The protein content of seeds depends
on varieties, and there is considerable variation
among the varieties. The protein content of seeds is
affected by the fiber content of the kernels, as well
(2). Differences observed in our study for protein
content may be related to the cultivars’ endosperm
fiber contents.
The total soluble sugar content of cultivars,
germination period, and cultivar × germination
period interactions were statistically significant at
the 1% significance level. At 0 h, the TSS content
of Dinçer 5-118 was 8.81 mg g–1. At 12 h, the TSS
content dropped to 4.5 mg g–1, and, until 48 h, it
slowly increased to 6.86 mg g–1. After 60 h, the TSS
content dropped to 5.39 mg g–1, and, at the end of
the study, the TSS content increased to 7.21 mg g–1
(Figure 3). The TSS content of Montola 2000 was
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Figure 3. Total soluble sugar contents of cultivars during
germination and seedling growth.

higher than that of Dinçer 5-118 at 0 h (17.35 mg g–1).
The TSS content of Montola 2000 continued to drop
until 60 h had passed (5.53 mg g–1), and, at the end
of the study, its TSS content was slightly higher than
that at 60 h (8.35 mg g–1).
The cultivar and germination period were
statistically significant at the 1% significance level,
while the cultivar × germination period interaction
was found to be significant at the 5% significance
level for the RS content. Similar to the TSS content,
the RS content of Montola 2000 was higher at both 0
and 72 h than the Dinçer 5-118 RS content. The RS
contents of both cultivars showed a similar decrease
and increase at the same time intervals (Figure 4).
Dinçer 5-118 and Montola 2000 had 6.88 mg g–1 and
8.48 mg g–1 at 0 h, and the RS content sharply dropped
to 4.05 mg g–1 and 6.3 mg g–1 at 12 h, respectively. The
RS content of both cultivars increased until 36 h had
passed (5.75 and 7.05 mg g–1) and later dropped, until
60 h had passed (4.77 and 5.09 mg g–1). At the end of
the study period, Dinçer 5-118 had an RS content of
4.96 mg g–1 and Montola 2000 had an RS content of
5.81 mg g–1.
Among oleiferous crops, triacylglycerols are
the major source of energy, and the breakdown of
triacylglycerols releases free fatty acids in the cells.
Fatty acids could be used directly for respiration,
or they could also be converted to sugars (6).
The reducing sugar content of the seeds during
germination did not exhibit a steady pattern, as
did the oil and protein contents (Figure 4). This
observation could be explained by the conversion
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Figure 4. Reducing sugar contents of cultivars
germination and seedling growth.
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of free fatty acids to sugars and the conversion of
soluble sugars to reducing sugars. It is also possible
that insoluble sugars were also converted to soluble
and reducing sugars. The presence of exogenous
sugars during germination inhibited oil breakdown
in germinating Arabidopsis thaliana seedlings (27),
which shows a preference of sugars to fatty acids
for energy production during germination of oil
seed crops. After a 60-h germination period, all of
the seedlings developed fully expanded hypocotyls.
Green safflower hypocotyls have a functional
photosynthetic apparatus; thus, they could achieve
photosynthesis and produce sugars and fatty acids
(28). Photosynthesis might play a role in the increased
TSS and RS contents of seedlings observed in the
study after a 60-h germination period.

of the embryo increased during the first few days of
seedling growth in oat (Avena sativa) (11). However,
after a 3-day germination period, the starch level
of the embryo also started to decrease. A similar
pattern for the distribution of TSS and RS within the
endosperm and embryo was reported for poinsettia
(Euphorbia heterophylla) (9). In the present study, the
mobilization of carbohydrates within parts of the seed
was not examined, and samples taken for analysis
contained both endosperm and embryo. Therefore, it
is possible that the deposition of sugars to the embryo
might have an effect on the observed results for TSS
and RS contents. The changes in the sugar contents of
both cultivars demonstrated significant mobilization
of sugars and their contribution to germination and
seedling growth.
To have a better understanding of reserve
mobilization during the germination and early
seedling growth of safflower seeds, it is necessary to
examine the changes of reserves within specific parts
of the seeds and to increase the number of parameters
examined, such as starch content, free fatty acid
content, free amino acid content, and chlorophyll
content.
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